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@ Light valve device. 

(57) The invention provides a semiconductor de- 
vice for use in a light valve device, and a 
processor fabricating the same. The semicon- 
ductor device comprises a support substrate 
(1). a semiconductor thin film (5,6,7) on the 
support substrate, a switching transistor (4) 
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^y; Tor controlling tne cnannei region, and an 
electrode (3) electrically connected to the 
switching transistor for energisation by the 
switching transistor. A light-shielding thin film 
(11) is disposed on the side of the channel 
region opposite the main gate electrode, being 
separated from the channel region by an in- 
sulating film (10). 

in the process for fabricating the said con- 
ductor device, the light-shielding thin film, the 
insulating film and the semi-conductor thin film 
are laminated on the support substrate and are 
selectively etched to form a desired light- 
shieiding thin film pattern. Then, the switching 
transistor and the electrode are fonmed subse- 
quently. 
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The present invention relates to light valve 
devices of a flat plate type, such as active nnatrix liquid 
crystal panels for displays of a direct viewing type or 
of a projection type. More specifically, the invention 
relates to a semjconductor device for providing a sub- 5 
strate of such a liquid crystal panel. 

An active matrix device is based on a simple prin- 
ciple, in which each pixel is equipped with a switching 
element and, when a particular pixel is selected, the 
corresponding switching element is made to be con- io 
ductive and. wnen it is not selected, the switching ele- 
ment is made to be non-conductive. The switching 
elements are formed on a glass substrate which forms 
part of the device. Therefore, the technology for 
miniaturising the switching elements and making 15 
them thin is very important. Thin film transistors are 
ordinarily used as such switching elements. 

In a conventional active matrix device, a thin film 
transistor has so far been formed on a thin silicon film 
that is deposited on the glass substrate. Such transis- 2C 
tors are generally of an insulated gate field effect type. 
A transistor of this type has a channel region fonned 
in the thin silicon film and a gate electrode formed so 
as to cover the channel region. A predetermined volt- 
age is applied to the gate electrode to control the con- 25 
ductance of the channel region and to carry out the 
switching operation. 

The conventional insulated gate-type thin film 
transistors have a problem in that a leakage cument 
may flow into the channel region through the back 30 
side of the thin film even when the channel region is 
made non-conductive by controlling the gate voltage. 
That is, so-called "back channel" or "backgating" 
takes place impairing the proper operation of the 
active matrix device, in order to operate the pixels at 35 
high speeds by a line sequence system, the conduct- 
ance ratio of the switching elements, between the 
conductive state and the non-conductive state, must 
be greater than 1 0Mn fact, however, the back-gating 
makes it difficult to obtain the required switching per- 40 
formance. 

exhibit an increased conductance if light from an 
external source falls thereon, the semiconductor 45 
device being used under an illuminated condition, and 
this causes leakage current in the drain and source in 
the non-conductive state. Further, the ratio of this 
leakage current to the leakage current when no light 
enters increases with an increase in the quality of the so 
semiconductor thin film, such as a single crystal film, 
that fomns the channel regions, causing another prob- 
lem. 

In view of the above-mentioned problems, it is an 
abject of the present invention at least in its preferred 55 
fonm to provide a semiconductor device for driving 
light valves of a flat plate type, which has thin film tran- 
sistors with a structure capable of effectively prevent- 



ing back-gating and of blocking incident light. 

in accordance with the first aspect of the present 
invention there is provided a semiconductor device for 
use in a light valve device, comprising a support sub- 
strate; a semiconductor thin film on the support sub- 
strate: a switchina transistor 

^ - ' • 

fonned in the semiconductor thin film and a main gate 
electrode for controlling the channel region; and an 
electrode electrically connected to the switching tran- 
sistor for energisation by the switching transistor; 
characterised in that a leakage cun-ent inhibiting layer 
is disposed on the side of the channel region opposite 
the main gate electrode. 

A semiconductor according to the present inven- 
tion comprises a substrate having a stacked structure, 
which includes an insulating support substrate made 
of a light-transmitting material, a light-shielding thin 
film provided on the support substrate, and a semi- 
conductor thin film provided on the light-shielding thin 
film via an insulating film. Transparent electrodes for 
driving light valves, i.e. pixel electrodes, are arranged 
on the support substrate. Furthenmore, switching ele- 
ments are provided for selectively exciting the pixel 
electrodes. Each of the switching elements comprises 
an insulated gate field effect transistor having a chan- 
nel region and main gate electrode for controlling the 
channel region. A channel region is formed in the 
semiconductor thin film, and the main gate electrode 
is formed so as to cover the channel region. The light- 
shielding thin film is provided on the side of the chan- 
nel region opposite the main gate electrode so that the 
channel region is sandwiched between the main gate 
electrode and the light-shielding thin film in the verti- 
cal direction. 

Preferably, the main gate electrode is also made 
ofa light-shielding material and together with the light- 
shielding thin film substantially entirely blocks light 
from reaching the channel region from the outside. 

Advantageously, the light-shielding thin film is 
made of an electrically conductive material to elimi- 
nate back-gating. The light-shielding thin film may 



gating. ' 

If the semi-conductor thin film is a single crystal 
silicon thin film, the channel region can be precisely 
fabricated to within the order of sub-microns using 
ordinary LSI technology. 

In the preferred embodiment described below, 

the conductance of the channel region of each of a 

plurality of transistors is controlled by main gate and 

sub-gate electrodes provided on both sides of the se- 
mi /^/^n^i r.t — » -ru. 
1 1 li-^^ji luu^Lui uiMi iMiii via iiiouiaiiii^ iiiina. inciciuie, 

no back-gating develops, by contrast with the conven- 
tional construction, in which a single gate electrode is 
provided on only one surface of the channel region of 
a thin film transistor. In other words, the sub-gate elec- 
trodes serve to suppress the back-gating. 
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In addition, since in the preferred embodiment the 
channel region of each transistor is covered by a 
couple of light-shielding gate electrodes from both the 
upper and the lower sides, light incident on the device 
passes through the electrode but is neariy completely 
blocked from the channel region, rendering it possible 
effectively to prevent the generation of photoelectric 
current. 

According to a further aspect of the present inven- 
tion, there is provided a method of fabricating a semi- 
conductor device characterised by steps of forming a 
substrate by laminating a light-shielding thin layer, an 
insulating film and a semiconductor thin film on a sup- 
port substrate; forming a light-shielding layer pattern 
by selectively etching said laminated layers; forming 
a switching transistor having a channel region in said 
semiconductor thin film and a main gate electrode 
covering said channel region; and forming an elec- 
trode electrically connected to the switching element 
on said substrate. 

The invention is described further, by way of 
exampje, with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is partial sectional view through a fiat- 
type semiconductor device according to the 
invention for driving a light valve device; 
Figure 2 is a partial sectional view through a com- 
posite substrate employed for fabricating the 
semiconductor device of Figure 1; 
Figures 3(A) to 3(H) are schematic diagrams illus- 
trating different steps in the fabrication of the 
semiconductor device of Figure 1 ; 
Figures 4(A) to 4(J) are schematic diagrams Illus- 
trating different steps in the fabrication of a further 
semi-conductor device according to the inven- 
tion; and 

Figure 5 is a perspective exploded view, which 
schematically illustrates the structure of a light 
valve device of a fiat plate type incorporating the 
semiconductor device according to the invention. 



of a flat plate type. The semiconductor device com- 
prises a laminated layer structure 2 formed on a sup- 
port substrate 1. The laminated layer structure 2 
includes a light-shielding thin film and a semiconduc- 
tor thin film fonmed on the light-shielding thin film via 
an insulating film as described below. A transparent 
electrode for driving a respective light valve, i.e. a 
pixel electrode 3, is formed on the surface of the conv 
posite substrate including the stacked-layer structure 
2. Further, a corresponding switching element 4 is for- 
med in the stacked-layer structure 2 for selectively 
exciting the pixel electrode 3. 

The switching element 4 has a drain region 5 and 
a source region 6, both fonned in the semiconductor 
thin film and spaced apart from each other. The drain 
region 5 is connected to a signal line 12 and the 



source region 6 is connected to the corresponding 
pixel electrode 3. Moreover, a channel region 7 is pro- 
vided between the drain region 5 and the source reg- 
ion 5. A main gate electrode 3 is formed on the front 

5 surface of the channel region 7 via the gate insulating 
film 8. The main gate electrode 9 is connected to a 
scanning line (not shown) and controls the conduct- 
ance of the channel region 7 in order to turn the 
switching element 4 on or off. 

10 The light-shieiding thin fitm forms a light-shielding 

layer 11 arranged on the back surface side of the 
channel region 7 via an insulating layer 10 provided 
by the insulating film. That is, the light-shielding layer 
11 is arranged on the side of the channel region 7 

15 opposite to the main gate electrode 9. The light- 
shielding layer 11 is provided by the aforementioned 
light-shielding thin film as mentioned above and, in 
this instance, is electrically conductive so that it alsof 
serves as a sub-gate electrode to control back-gating. 

20 The pair of main and sub-gate electrodes 9 and 

1 1 arranged on both sides of the channel region 7 are 
made of light-shielding material and, hence, com- 
pletely prevent light from falling on the channel region 
7. 

25 In this embodiment furthermore the channel reg- 

ion 7 is fomed of a single silicon crystal semiconduc- 
tor thin film, to which ordinary LSI processing 
technogoloy can be directly adapted. Therefore, the 
channel length can be shortened to the order of sub- 

30 microns. 

Figure 2 is a schematic partial sectional view of 
the composite substrate employed for fabricating the 
semiconductor device of Figure 1. The composite 
substrate consists of the support substrate 1 and the 

35 stacked-layer structure 2 fonmed thereon as shown. 

First, the support substrate 1 is composed of a 
light-transmitting insulating material, such as a heat- 
resistant quartz consisting chiefly of silicon oxide or 
aluminium oxide. Aluminium oxide exhibits a coeffi- 

40 cient of thermal expansion which is dose to that of sili- 

aluminium oxide can be formed, it is possible to grow 
a single crystal semiconductor film hetero-epitaxiaily 

45 thereon. 

Next, the laminated structure 2 adhered to the 
support substrate 1 has a iight-shielding thin film 21 
arranged on the support substrate 1 , an insulating film 
22 arranged on the above light-shielding thin film 21, 

50 and a semi-conductor thin film 23, arranged on the 
insulating film 22 and composed of a single crystal 
material. The light-shielding thin film. 21 is composed 
of an electrically conductive material such as polysi- 
iicon. Alternatively, it is possible to use a single layer 

55 film of germanium, silicon-genmanium or silicon, or a 
multi-layer film of silicon including at least one layer 
of germanium or silicon-germanium, instead of the 
single layer film of polysilicon. It is further possible to 
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use a metal fiim such as a siiicide or aluminium 
instead of the above semiconductor materials. When 
aluminium oxide, i.e. sapphire, is used as the support 
substrate, furthermore a single crystal silicon can be 
hetero-epitaxially grown thereon to form the light- 5 

shieiuifiy tnin fiiiTi. 

The stacked-Iayer structure 2 may include a 
ground film 24 interposed between the support sub- 
strate 1 and the light-shielding thin film 21 . The ground 
film 24 is provided to improve the adhesion between io 
the support substrate 1 and the stacked-Iayer struc- 
ture 2. For instance, when the support substrate 1 is 
quartz that consists mainly of siiicon oxide, silicon 
oxide can be used as the ground fiim 24. When It is 
desirable for the ground film 24 to block the infiltration 15 
of impurities from the support substrate 1, further- 
more, the ground film should be composed of a layer 
of siiicon nitride or oxynitride, or a multilayer film of at 
least one of these and siiicon oxide, in particular, 
oxinitride is advantageous, since it is capable of 20 
accommodating stress. 

The insulating film 24 is used as a gate insulating 
film for the sub-gate electrode, provided by the light- 
shielding thin fiim 21, and is composed of. for inst- 
ance, siiicon oxide or silocon nitride. Alternatively, the 25 
insulating film 22 may be a multilayer fiim of siiicon nit- 
ride and silicon oxide. 

The semiconductor thin film 23 positioned on the 
top of the stacked-Iayer structure 2 is made, for 
example, of silicon. This silicon may be of a single 30 
crystalline fomn, a polycrystalline form or an amorph- 
ous form. An amorphous silicon thin film or a poiycris- 
talline siiicon thin film can easily be deposited on a 
glass substrate by chemical vapour deposition, and is 
adaptable to manufacture of an active matrix device 35 
having a relatively large screen. When such an 
annorphous silicon thin film is used, the active matrix 
liquid crystal device can have a screen size of about 
three inches (7.62 cm) to ten inches (25.4 cm). In par- 
ticular, the amorphous silicon film can be formed at a 40 
temperature as low as 350' or less, and is suitable for 

biiiuoit LiiiM iiirn i«i USC3U, iL i&> i^ueiciiuie lu inaivc ei onion 

liquid crystal panel of about 2" (5,08 cm). 

In the case of a polycrystal silicon thin film, how- 45 
ever, the reproducibility of constant elements is poor 
and variations increase when a transistor having a 
channel length of the order of submicrons is fonmed 
by fine semiconductor processing technology. When 
amorphous silicon is used, further, high-speed switch- so 
ing cannot be realized even though the submicron 
processing technology is employed. When a semi- 
conductor thin fiim of single crystal siiicon is used, on 
the other hand, it is possible to employ fine semicon- 
ductor processing technology greatly to increase the 55 
density of switching elements and to obtain an ultra- 
fine light valve device. 

Even though the switching element has a channel 



length of the order of microns, a high channel mobility 
makes it possible to realize a high-speed operation. 
It is further possible to integrate peripheral circuits for 
controlling the switching elements on the same sup- 
port substrate in a targe scale and to control the array 
of oWuCMing cicrnsnts at high speeds, so that ths iignt 
valve device manufactured using the semiconductor 
thin film of single crystal silicon is indispensable for 
displaying very fine moving pictures. 

A method of fabricating the semiconductor device 
according to the present invention is describea beiow 
in detail with reference to Figure 3. First, a composite 
substrate is prepared as shown in Figure 3(A). That 
is, the ground film 24 of silicon oxide is fomned on the 
support substrate 1 of polished quartz plate by a 
chemical vapour deposition method or by sputtering. 
The light-shielding thin film 21 made of polysilicon is 
deposited on the ground fiim 24 by a chemical vapour 
deposition method. Then, the insulating film 22 made 
of silicon oxide is formed on the light-shielding thin 
film 21 by a thermal oxidation method or by a chemical 
deposition method. Lastly, the semiconductor thin film 
23 of single crystal silicon is formed on the insulating 
film 22. 

The semiconductor thin film 23 is obtained by 
adhering a semiconductor substrate of single crystal 
silicon to the insulating film 22 and then polishing it 
until its thickness becomes several ^m. The single 
crystal silicon semiconductor substrate to be used is 
preferably a silicon wafer of high quality that is used 
for manufacturing LSIs having uniform crystal orien- 
tation within a range of [100] 0.0 ± 1.0 and a single 
crystal lattice defect density of smaller than 500 
defects/cm2. The surface of the silicon wafer having 
such physical properties is, first, finished precisely 
and smoothly. 

Then, the smoothly finished surface is super- 
posed on the insulating film 22 followed by heating to 
adhere the silicon wafer to the support substrate 1 by 
thermo-compression bonding. By means of the ther- 
mo-compression bonding, the silicon wafer and the 

ired thickness is obtained. K is also possible to carry 
out an etching process instead of the polishing. The 
thus obtained single crystal silicon semiconductor thin 
film 23 substantially retains the quality of the silicon 
wafer, and therefore a semiconductor substrate ma- 
terial is obtained having excellent unrfonmity in crystal 
orientation and a low lattice defect density. 

With current technologies, the surface of the siii- 
con wafer that is adhered by thermo-compression 
bonding has electrical defects to some extent, and the 
following process is preferred: Si02 is fomned in the 
single crystal wafer by thermal oxidation or chemical 
vapour deposition. Then, polysiiicon is formed by 
chemical vapour deposition and the surface is 
polished as required. Thereafter, S!02 is fonmed by 
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thermal oxidation or chemical vapour deposition, a 
silicon nitride film is formed by chemical vapour dep- 
osition, and Si02 is formed by thermal oxidation or 
chemical vapour deposition in the order mentioned. 

The Silicon Wafcf tS auhcfBd uy thciTnO-CuiTiprcSoiOn 

bonding onto a quartz support substrate or a quartz 
support substrate coated with Si02 by chemical 
vapour deposition and is, then, polished. 

Next; in a step shown in Figure 3(8)^ the stacked- 
iayer structure 2. except for the ground film 24, is 
etched in order to form the light-shielding layer 11 
from the iight-shielding thin film 21 on the unaenmost 
layer, namely, the ground film 24, At the same time, 
the gate oxide film 1 0 from the insulating film 22 is for- 
med on the light-shielding layer 1 1. The light-shielding 
layer 1 1 is fonmed by applying a photosensitive film 26 
onto the whole surface of the composite substrate fol- 
lowed by patterning it into a desired shape and, then, 
effecting etching selectively using the patterned 
photosensitive film 26 as a mask. 

Then, in a step shown in Figure 3(C). an element 
region 25 is formed on the two-layer structure consist- 
ing of the patterned light-shielding layer 11 and the 
gate oxide film 1 0. The element region 25 is obtained 
by selectively etching only the semiconductor thin film 
23 into a desired shape. The semiconductor thin film 
23 is selectively etched by using, as a mask, the 
photosensitive film 26 that is further patterned to the 
shape of the element region 25. 

In a step shown in Figure 3(D), furthemnore, the 
photosensitive film 26 is removed and, then, a ther- 
mally oxidized film is formed on the whole surface 
inclusive of the surface of the semiconductor thin film 
23 that is exposed. As a result, a gate oxide film 8 is 
formed on the surface of the semiconductor thin film 
23. 

Then, in a step shown in Figure 3(E). a polycrystal 
silicon film is so deposited by a chemical vapour dep- 
osition method as to cover the element region 25. The 
polycrystalline silicon film is selectively etched using 



Lastly, in a step shown in Figure 3(H), the gate 
oxide film 8 on the source region 6 is partly removed 
to form a contact hole, and a transparent pixel elec- 
trode 3 is formed so as to cover this portion. The pixel 

ITO. In addition, the protective film 27 provided on the 
tower side of the pixel electrode 3 is made, for 
example, of silicon oxide and is transparent. 
Moreoverjthe support substrate ^ of quartz glass or 

10 the lower side thereof is transparent too. Therefore, 
the three-layer structure consisting of the pixel elec- 
torde 3, protective film 27 and quartz glass support 
substrate 1, is optically transparent and can be 
utilized for a light valve device of a transmission type. 

15 The pair of main gate and sub-gate electrodes 9 

and 11 that sandwich the channel region 7 vertically 
are made of polysilicon, which is optically opaque in 
contrast to the above three-layer structure, and hence 
they block the entering tight and prevent leakage cur- 

20 rent from flowing into the channel region. The incident 
light can be perfectly blocked by using a material hav- 

inn a low hand nan Qiirh aQ cifinnn n#anmaniiim nr thp 
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like. 

In the manufacturing method shown in Figure 3 
25 as described above, the semiconductor thin film 23 of 
high-quality single crystal silicon is processed at a 
temperature higher than 600*C, followed by a photo- 
lithoetching technique with high resolution and by ton 
implantation, making it possible to form an insulated 
30 gate fieid-effect transistor having a size of the order 
of microns or submicrons. A single crystal silicon film 
of a very high quality is used, and, hence, the obtained 
insulated gate transistor exhibits excellent electric 
characteristics. At the same time, the pixel electrode 
35 3 can be formed to a size of the order of microns by 
miniaturization technology, making it possible to fab- 
ricate a semiconductor device for an active matrix 
liquid crystal panel having a high density and a fine 
structure. 

40 Figure 3 shows an embodiment in which the 



a aesirea snape in oraer to rorm me mam gate elec- 
trode 9. The main gate electrode 9 is positioned above 
the semiconductor thin film 23 via the gate oxide film 
8. 45 

In a step shown in Figure 3(F), impurity ions are 
injected through the gate oxide film 8 using the main 
gate electrode 9 as a mask, in order to form the drain 
region 5 and the source region 6 in the semiconductor 
thin film 23. As a result, there is fonrrted a transistor so 
channel region 7 that contains no Impurity under the 
main gate electrode 9 between the dram region 5 and 
the source region 6. 

Next, in a step shown in Figure 3(G), a protective 
film 27 is fonned so as to cover the element region 25. 55 
As a result, the switching element that includes the 
light-shielding layer 1 1 and the main gate electrode 9 
is buried under the protective film 27. 



mo-com press KJn oonamg. Kerernng lo nyure h, 
another embodiment, where the single crystal semi- 
conductor film is formed 'by an epitaxial method 
instead of thermo-compression bonding, is illustrated. 
First, a transparent aluminium oxide substrate 101, 
such as sapphire, is used as the support substrate as 
shown in Figure 4(A). Next, as shown in Figure 4(B), 
a single crystal silicon film 102 is hetero-epitaxiatly 
grown using the crystal of the aluminium oxide 101 as 
a seed. 

In the polycrystalline form, aluminium oxide has 
a coefficient of thennal expansion that is closer to that 
of silicon than that of quartz. If polycrystalline alumi- 
nium oxide is used as the support substrate of the 
embodiment shown in Figure 3, the thermal stress is 
small and the crystallinity of the single crystal silicon 
film formed thereon can be maintained even after the 
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semiconductor processing at a high temperature. In 
Figure 4 showing a process where single crystal 
aluminium oxide is used, it is possible to grow the 
single crystal silicon film 102 hetero-epitaxially the- 
reon as shown in Figure 4(B). ' 5 

Movt ^ho cinnlA jf\*s . . 

- - — -ij^ktBi onu^uti mil) I inai IS 

grown is patterned as shown in Figure 4(C) to form a 
light-shielding film 111. Then, an insulating film 1 10 is 
formed as shown in Figure 4(D), and a hole 112 Is 
made in a portion thereof, so that the surface of the 10 
single crystal silicon fiim 111 is partially exposed as 
shown in Figure 4(E). Next, an amorphous or polyc- 
r>'stalline semiconductor fiim 123 is formed as shown 
in Figure 4(F). 

The single crystal silicon crystal film 1 11 and the 15 
semiconductor film 123 are in contact with each other 
by way of the hole 1 12. If the heat treatment is carried 
out in this state at a high temperature, the semicon- 
ductor 123 grows laterally and epitaxiaily wrth the 
single crystal silicon film 1 1 1 in the hole as a seed. As ?o 
shown in Figure 4(G). therefore, the region 123A 
close to the hole is transformed into a single crystal. 
The region 123B that is not transformed into a single 
crystal is kept in a poly crystal line form. 

Although Figure 4(F) illustrates an example in 25 
which the polycrystaliine semiconductor film 123 is, 
first, formed and is then grown laterally and epitaxiaily 
by a heat treatment, it should be noted that the single 
crystal semiconductor fiim, as shown in Figure 4(G), 
can also be fonmed by gas-source epitaxy or liquid- 50 
phase epitaxy from the state shown in Figure 4(E). 
Use can be made of a silicon fiim or a GaAs film as a 
semiconductor fiim. 

Next, as shown in Figure 4(H), a region 124 that 
serves as the substrate of a transistor is patterned. 35 
Next, as shown in Figure 4(1), a gate insulating film 
108 is fonned and, finally, a transistor is formed in 
which a transparent electrode 103 is connected with 
a drain region 106 as shown in FigurB 4(J). The con- 
ductance of a channel region 107 between a source 40 
region 105 and the drain region 106 is controlled 



that define pixels, and switching elements 4 for 
activating the drive electrodes 3 in response to pre- 
determined signals. 

The sem.'conductor device 28 consists of the sup- 
port substrate 1 composed of quartz glass and the 
laminated layer structure 2 formed on the support sub- 
strate 1. In addition, a polarizer plate 31 is adhered to 
the back surface of the support substrate 1. The 
switching elements 4 are formed in the single crystal 
silicon Semiconductor thin film included in the 
stacked-layer structure 2. The switching elements 4 
are constituted by a plurality of insulated gate field-ef- 
fect transistors ancinged in a matrix. The source reg- 
ion of each transistor is connected to a corresponding 
pixel electrode 3, the main gate electrode is connec- 
ted to a scanning line 32, and the drain electrode is 
connected to a signal line 7. 

The semiconductor device 28 further includes an 
X-driver 33 connected to the signal lines 7 arranged 
in columns, and a Y-driver 34 connected to the scan- 
ning lines 32 arranged in rows. The facing substrate 
29 comprises a glass substrate 35, a polarizing plate 
36 adhered to the outer surface of the glass substrate 
35, and a facing electrode or common electrode 37 
fonmed on the inner surface of the glass substrate 35. 

Although not illustrated, the light-shielding layer 
or the sub-gate electrode included in each switching 
element 4 is preferably connected to the scanning line 
32 together with the main electrode. The above con- 
nection makes it possible effectively to prevent leak- 
age current from flowing into the channel region of the 
transistor that constitutes the switching element Or, 
the light-shielding layer can be connected to the 
source region orthe drain region of the corresponding 
transistor. In any event a predetennined voltage is 
applied to the light-shielding layer to effectively pre- 
vent leakage current from flowing due to the back gat- 
ing. By controlling the voltage applied to the 
light-shielding layer, furthermore, the threshold volt- 
age of the channel region can be set to a desired 
value. 



^\^/ "'U'auaico ail OAarnpie irr wnicn 

the light-shielding film 11 is connected to the source 
region 105, which, however, is not necessary. In Fig- 
ure 4(G), the single crystal region is grown laterally 
and epitaxiaily by a length of 3 m to 5 ^m, enabling a 
single crystal transistor to be formed on the insulating 
fiim as shown in Figure 4(J). 

Figure 5 shows an optical valve device that is 
assembled using the semiconductor device of the pre- 
sent invention. As shown, the light valve device corrv 
prises a semiconductor device 28, a substrate 29 
facing the semiconductor device 28, and a layer of an 
electro-optical material, for example, a liquid crystal 
layer 30. between the semiconductor device 28 and 
the facing substrate 29. in the semiconductor device 
28. there are pixel electrodes or drive electrodes 3 



described in detail with reference to Figure 5. The 
main gate and sub-gate electrodes of each switching 
element 4 are connected in common to the scanning 
line 32. and are supplied with scanning signals from 
the Y-driver 34. Therefore, the turn-on/off of the 
switching elements 4 is controlled line by line. A data 
signal output from the X-driver 33 is applied, via the 
signal line 7, to a selected switching element 4 that 
has been turned on. The applied data signal is trans- 
mitted to the corresponding pixel electrode 3 to excite 
it and acts upon the liquid crystal layer 30, so that its 
transmission factor becomes substantially 100%. 
When not selected, on the other hand, the switching 
element 4 is left non-conductive and maintains the 
data signal written on the pixel electrode as electric 
charge. Here, the liquid crystal layer 30 has a large 
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resistivity and usually operates a capacitive element. 
An on/off current ratio is used to represent the 
switching performance of the switching elements 4. 
The cun-ent ratio necessary for operating the liquid 
crystal can easily be found from the write time and the 
holding time. For instance, when the data signal is a 
televison signal, more than 90% of the data signal 
must be written within about 60 usee of one scanning 
period. On the other hand, more than 90% of the elec- 
tric charge must be retained for a period of one fieid, 
which is about 1 6 msec. Therefore, the current ratio 
must be at least of the order of ten thousand. In this 
respect, according to the present invention, the con- 
ductance of the channel region is controlled from both 
surfaces thereof by the main gate and sub-gate elec- 
trodes, and the leakage current is substantially wholly 
eliminated during the off period. The on/off ratio of the 
switching elements having such a structure is of the 
order of a hundred thousand or greater. It is, theref- 
ore, possible to obtain a light valve device of an active 
matrix ^ype having a very fast signal response charac- 
teristic. 

According to the present invention as described 
above, a pair of main gate and sub-gate electrodes 
an-anged on both sides of the transistor channel reg- 
ion are fonmed using a light-shielding material, such 
as polysiiicon, whereby light is effectively blocked 
from entering the channel region from outside, making 
it possible effectively to prevent the occurrence of 
leakage current by the photo-electric effect. 
Moreover, since the transistor channel region fonned 
in the semiconductor thin film is controlled from the 
upper and lower sides thereof by the main gate elec- 
trode and by the light-shielding layer composed of an 
electrically conductive material, i.e. by the sub-gate 
electrode, so-called back gating is effectively preven- 
ted, and a thin-film transistor having an excellent 
on/off ratio is obtained. As a result, a semiconductor 
device for driving light valves of a flat plate type can 
be obtained, which features very high response 

sisting of insulated gate field-effect transistors in the 
semiconductor thin film of single crystal silicon, it is 
possible to obtain a flat-type semiconductor device for 
driving light valves that has a very fine and very large 
scale integration structure. 

Claims 

1. A semiconductor device for use in a light valve 
device, comprising a support substrate (1); a 
semiconductor thin film (23) on the support sub- 
strate; a switching transistor (4) having a channel 
region (7) fonned in the semiconductor thin film 
and a main gate electrode (9) for controlling the 
channel region; and an electrode (3) electrically 



connected to the switching transistor for energis- 
ation by the switching transistor; characterised in 
that a leakage current inhibiting layer (11) is dis- 
posed on the side of the channel region opposite 
5 the main gate electrode. 

2. A semiconductor device according to claim 1 
characerised in that the leakage current inhibiting 
layer is made of an electrically conductive ma- 

10 tenal. 

3. A semiconductor device according to claim 1 or 2 
characterised in that the leakage cunrent inhibit- 
ing layer comprises a light-shielding thin film. 

15 

4. A semiconductor device according to claim 3 
characterised in that the light shielding thin film is 
made of polysiiicon. 

20 5. A semiconductor device according to claim 3 
characterised in that the light-shielding thin fiim is 
made of single crystal silicon that is hetero-epi- 
taxially grown on the support substrate, 

25 6. A semiconductor device according to claim 3 
characterised in that the light-shielding thin film 
comprises a single layer film or a multi-layer film 
and includes at least one of genmanium, silicon- 
germanium, and silicon. 

30 

7. A semiconductor device according to any of 
claims 3 to 6 daim characterised in that the light- 
shielding thin film is disposed between the sup- 
port substrate and the channel region and is 

35 separated from the channel region by an insulat- 
ing film (10). 

8. A semiconductor device according to daim 7 
characterised in that the insulating film indudes at 

40 least one of silicon nitride and silicon oxide. 



claims 3 to 8 characterised in that the light-shield- 
ing thin film is disposedon a ground film (24) on 
45 the support substrate, and in that the ground film 
is made of oxynitride or silicon oxide. 

1 0. A semiconductor device according to any preced- 
ing daim characterised in that the semiconductor 

50 thin fiim is a single crystal silicon thin fiim, 

11. A method of fabricating a semiconductor device 
characterised by the steps of fonning a substrate 
(1,2) by laminating a light-shielding thin layer 

55 (21), an insulating film (22) and a semiconductor 

thin film (23) on a support substrate (1); forming 
a light-shielding layer pattem by selectively etch- 
ing said laminated layers; fonning a switching 
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transistor (4) having a channel region (7) in said 
semiconductor thin film and a main gate electrode 
(9) covering said channel region; and forming an 
electrode (3) electrically connected to the switch- 
ing element on said substrate. 5 

12. A semiconductor device characterised by a com- 
posite substrate (1,2) having a stacked layer 
structure comprising a support substrate (1), a 
light-shielding thin film (11) provided on said sup- 10 
port substrate, an insulating film (10) provided at 
least on said light-shielding thin film, and a semi- 
conductor thin film (5,6,7) disposed on said 
insulating film; a transparent electrode (3) formed 

on a portion of said composite substrate where at 15 
least said light-shielding thin film is removed; and 
a switching element (4), connected electrically to 
said transparent electrode, consisting of a tran- 
sistor including a channel region (7) fomied in 
said semiconductor thin film and a main gate 20 
electrode (9) for controlling the conduction in said 
channel region, wherein the light-shielding thin 
film layer is disposed on the side opposite the 
said main gate electrode with respect to said 
channel region. 25 

13. A composite substrate having a stacked layer 
structure characterised by a support substrate (1 ) 
made of a fight-transmitting insulating layer, a 
light-shielding thin film (11) formed on said sup- 30 
port substrate, an insulating film (10) formed at 
least over said light-shielding thin film, and a 
semiconductor thin film (23), which is made of 
single crystalline material, fixedly laminated on 

said insulating film. 35 

14. A light valve device characterised by a composite 
substrate having stacked layers including a sup- 
port substrate (1), a light-shielding thin film (11) 
formed on said support substrate, an insulating 40 
film (10) fonmed at least over said light-shielding 



med on said semiconductor film and a switching 
element (4) formed on said semiconductor film for 45 
energising said pixel electrode; an opposed sub- 
strate (29) opposite to said composite substrate 
at a predetennined gap; and an electro-optical 
material (30) filling up said gap for optically 
changing in accordance with energisation of said so 
pixel electrode. 
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FIG. 3(E) 
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FIG. 5 
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